proteins encoded in the S. cerevisiae genome, only TOK1 channels contain P domains, a structural feature common to all known potassium-selective ion channels. Genetic, biochemical, and electrophysiologic evidence is presented to show that K1 killer toxin targets TOK1 potassium channels. concentration was estimated by the killing zone method (Experimental Procedures). When NYϩTOK1 cells were incubated in ‫05ف‬ nM K1 toxin, survival was just 30% Ϯ cells, non-toxin viral effects and yeast cell mating pheromones could be eliminated as potential confounding 6% when compared to cells treated with control supernatant, while it was 72% Ϯ 5% for NY⌬TOK1 cells devariables. leted of the gene ( Figure 1C ). This supported the conclusion drawn from cocultures that deletion of TOK1 Potassium Flux Induced by K1 Toxin Requires the TOK1 Gene Product protected NY cells from the cytopathic effects of K1 toxin. Moreover, as these experiments employed plasEnhanced survival of NY⌬TOK1 cells after coculture with killer cells or incubation with cell-free toxin indicated mid-encoded, virus-free toxin produced in NY target cells proved most amenable to patch recording and were used extensively after the strain was cured of M1 virus (Experimental Procedures).
Results

TOK1
TOK1 channels were readily recognized in patches excised from spheroplasts based on their characteristic gating kinetics, ion selectivity, current rectification, and unitary conductance (Figure 3 ; Table 1 ). In all cases, patches with one of more native TOK1 channels showed increased channel activity when treated with ‫02ف‬ nM K1 toxin (Figures 3A and 3B and Table 1 ; wild-type NY, n ϭ 2 patches; CY162, n ϭ 12). Conversely, all patches that displayed no TOK1 channel activity under control conditions showed no new currents when exposed to K1 toxin ( Figure 3C ; wild-type NY, NY⌬TOK1, and CY162 cells, n ϭ 3-5 patches). returned TOK1 channel activity to baseline levels (data As predicted, K1 toxin acted on whole yeast cells in not shown, n ϭ 5). Conversely, all patches that displayed a TOK1-dependent fashion to increase transport of the no TOK1 channel activity under control conditions also potassium analog. Thus, incubation with toxin increased showed no new currents when exposed to K1 toxin (data 86 rubidium flux in wild-type NY cells expressing TOK1 not shown, n ϭ 11 patches). and in NYϩTOK1 cells that overexpressed the gene but had no effect on NY⌬TOK1 cells in which the gene was deleted (Figure 2) (Table 1) (Fig-(Figures 3-6 Figure 3B ). Table 1. 1995). Martinac and colleagues did not observe TOK1 channels in spheroplasts nor altered TOK1 channel activity because their solutions were formulated with ce-TOK1 channels recorded in spheroplasts and those expressed heterologously in X. laevis oocytes were, in all sium and/or explicitly excluded potassium. Consistent with the idea that K1 toxin interacts with a cases, activated by K1 toxin (Figures 3, 4, 5 Laboratory strains of S. cerevisiae often harbor one of three recognized killer systems (Wickner, 1992) . Thus, appears that K1 toxin can also damage yeast cells by a second cytopathic pathway; while TOK1-deleted NY CY162 is a K1 killer strain that was cured of M1 virus for use in these studies (Experimental Procedures). Our cells resist K1 toxin, cells do die after prolonged exposure to killer cells ( Figure 1B) or concentrated toxin (Figresults suggest it is prudent to assess the killer phenotype of a strain prior to its use for studies of potassium ure 1C). We speculate that K1 toxin activates another transporter endogenous to yeast cells, perhaps the large transport and that reports on the biophysical attributes of TOK1 channels in CY162 function. Activators of potassium channels identified to date are small nonpeptide molecules that act through weilova and Sigler, 1993). Here, we show that activation of TOK1 channels is necessary and sufficient to account accessory proteins; some are used clinically to decrease excitability. K1 toxin is novel both because it is virally for changes in potassium flux (Figure 2) . Support for the theory that increased TOK1 channel activity is sufficient encoded and a polypeptide that activates a potassium channel. Elucidation of the structural basis for K1 toxin to kill yeast cells is found in the work of Loukin and colleagues (1997), who identified three lethal tok1 muaction and the isolation of agonists and antagonists could prove relevant to commercial fermenting, protectants that activated more readily and closed more slowly than wild-type channels. The changes in kinetics they tion of plants of environmental and agronomic importance, and medical antimycotic therapy. observed were attributed to accumulation of mutant channels in a pre-open state (analogous to our C short ) and were similar in magnitude to the effects we observe Experimental Procedures when wild-type TOK1 channels are exposed to K1 toxin Strains, Plasmids, and Toxin Production (Table 1) .
Strains
Gating transitions of single TOK1 channels in mem-
Wild-type NY is NY1489 (MATa ura3-52 trp1 his 3-200) and was brane patches excised from yeast cells and oocytes provided by P. Novick (TerBush et al., 1996) . In NY⌬TOK1, the 2.2 (Table 1) Single channel data were stored to de la Pena, P., Barros, F., Gascon, S., Ramos, S., and Lazo, P.S.
